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ABSTRACT 
 
Although mosquito monitoring systems in the form of dry-ice bated CDC light traps and sentinel chickens 
are used by mosquito control personnel in Polk County, Florida, the placement of these are random and do not 
necessarily reflect prevalent areas of vector mosquito populations. This can result in significant health, economic, 
and social impacts during disease outbreaks. Of these vector mosquitoes Culex nigripalpus, Culex erraticus, 
Coquillettidia perturbans, and Aedes vexans are present in Polk County and known to transmit multiple diseases, 
posing a public health concern. This study seeks to evaluate the effect of Land use Land cover (LULC) unique 
features and precipitation on spatial and temporal distribution of Cx. nigripalpus, Cx. erraticus, Cq. perturbans, and 
Ae. vexans in Polk County, Florida, during 2013 and 2014, using negative binomial regression on count data from 
eight environmentally unique light traps retrieved from Polk County Mosquito Control. The negative binomial 
regression revealed a statistical association among mosquito species for precipitation and LULC features during the 
two-year study period, with precipitation proving to be the most significant factor in mosquito count numbers. The 
findings from this study can aid in more precise targeting of mosquito species, saving time and resources on already 
stressed public health services.
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CHAPTER ONE: 
INTRODUCTION 
Mosquitos and Infectious Disease  
 
Florida is home to 80 species of mosquitoes, many of which are transmitters of infectious diseases, such as 
Chikungunya Fever, Dengue Fever, Eastern Equine Encephalitis (EEEV) West Nile (WNV) and Zika virus.1 The 
majority of diseases transmitted by Cx. nigripalpus, Cx. erraticus, Cq. perturbans, and Ae. vexans belong to two 
groups of viruses: Alphaviruses (Togaviridae) and Flaviviruses (Flavivirida).2 Alphaviruses such as EEEV are 
primarily found among birds (passerine species) and horses but are capable of being transmitted to humans by 
mosquitoes.3-4 Although infection resulting in seroconversion in the absence of clinical manifestation is common, 
symptoms are typically fever, malaise, rash, or encephalitis, the latter of which can result in seizures, coma and 
death.2-3 In equine populations, symptoms include, but are not limited to, fever, depression, loss of appetite, 
weakness, central nervous disorders, and aggressiveness.4 Flaviviruses such as WNV and Saint Louis Encephalitis 
(SLE) are also found in bird populations with the ability of being transmitted to humans and animals.2,5-6 Severe 
cases of SLE can result in fever, headaches, stupor, coma, tremors and paralysis, with an increase in severity 
occurring with age.6 Of those with severe symptoms, the mortality rates are 5%-15%, with higher rates seen in the 
elderly.6 WNV is asymptomatic in 70-80% of the population, but one in five infected will develop fever, body 
aches, joint pain, or rash, and 1% of those individuals will develop a serious neurologic illness.5 Although horses are 
a dead-end host for the virus, infection can result in death.4 When there are outbreaks, these infections result in 
significant health, economic, and social impacts. For this reason, counties in Florida have mosquito monitoring 
systems in place, to identify potential outbreaks before they are widespread. This study will examine factors that 
affect mosquito prevalence in Polk County, Florida.  
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Precipitation  
 
 Temporal changes in precipitation are a significant factor affecting the distribution and density of 
mosquitoes.7-10 Rainfall often triggers the hatching of mosquito eggs and provides necessary immature habitats to 
complete their lifecycle.7-9 In Polk County, Florida, the site of this study, two of the most important meteorological 
trends that can affect local weather patterns and consequently mosquito numbers are El Niño and La Niña, which 
can contribute to conditions that cause higher or lower than average rainfall in December through March.11 A more 
important and less predictable meteorological trend that can influence rainfall totals and distribution are sea breezes, 
which are produced when the land begins to heat up in the summer and warm air rises. As the warm air rises, the 
cool air from the oceans moves ashore causing a breeze.12 The movement of air streams leads to increasing 
thunderstorms in the afternoon that move across the state in a northwest or northeast direction.12 Given the location 
of Polk County in the center of Florida, it is subject to sea breezes from both coasts that can create storms varying in 
size and strength.  
Urbanization and Environmental Alterations  
 
Over the past decade, Polk County has begun the transformation from a rural to urban community, with a 
growth rate of 4.9%.13 This increase in urbanization, due to an ever-growing population, has caused a change in 
ecosystems through the loss of land, and has significantly affected the habitats of many species by creating new 
habitats and altering existing ones.14 The addition of a variety of environmental changes related to human expansion 
(artificial lakes, containers, water features, gardens, etc.,) often acts as a provider of resources needed for survival of 
many species of mosquitos and other animals.14 Along with urbanization, Polk County phosphate mines modify the 
landscape. During the phosphate mining process, clay is formed as a by-product and stored in large ponds where it 
settles on the bottom.15 Over time, these large ponds develop vegetation and become permanent or semi-permanent 
bodies of water, which is associated with mosquitoes.7,15 These factors must be considered when looking at the 
relationship between landuse features and mosquitoes. As humans begin to displace animals that are food sources 
for mosquitoes from their natural habitat, mosquitoes adapt by feeding on humans, bringing with them disease.14 
Mosquitoes Species in Polk County 
  
Four species of mosquitoes (Culex nigripalpus, Culex erraticus, Coquillettidia perturbans and Aedes 
vexans) are prevalent in Polk County, and are able to transmit multiple diseases, and are the focus of this study (see 
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Table 1): Cx. nigripalpus and Cx. erraticus due to their high counts; Cq. perturbans due to its need for shallow 
vegetated lakes during its immature stage; and Ae. vexans and its association with flooding. The first species, Cx. 
nigripalpus, was discovered by Theobald in 1901 and is found in various aquatic habitats (ditches, pools, citrus 
groves, swamps, and containers) and is of major public health significance due to its ability to transmit EEE, WNV, 
turkey malaria, and SLE.7,16-19  One major factor contributing to its public health significance is the ability to lay egg 
rafts containing 90-210 eggs that will hatch within 24-36 hours.16 Once hatched, a temperature dependency can be 
seen in larval development, with 24-hour intervals being seen in the summer and 48-hour instar intervals in winter.16 
These short reproducing cycles can lead to higher counts of mosquitoes.  
 
Table 1. Mosquito counts in Polk County in 2013 by species  
 
 
The second mosquito species, Cq. perturbans, is a unique species of mosquito found in the southern United 
States, that obtains oxygen from plants in its immature habitat and is of public health significance due to its ability to 
transmit WNV and EEEV.20,21 Cq. perturbans was discovered in 1856 by Walker and is a permanent water mosquito 
that is found on multiple continents from Asia to Africa, Australia to Europe, and both North and South America.7 
Adults tend to cluster on shaded low lining vegetation during the day and feed at dusk.7 Females lay egg rafts with 
about 195 eggs on the surface of the water near vegetation, with one generation occurring each year from May to 
September.7 Larvae are present all year, as a result of several months needed for development.7 Cq. perturbans 
exhibit a unique characteristic among their immature stages shared only with mosquitoes in the Mansoni genera.20,22 
This shared characteristic is a modified siphon that is used to obtain oxygen from aquatic vegetation.22 This 
adaptation lowers the risk of predation but limits its distribution to permanent plant-containing bodies of water.22  
Mosquito species Total  Trap 3   Trap 4 Trap 18 Trap 22 Trap 31 Trap 32 Trap 47 Trap 49 
Cx. nigripalpus 68,588 3,866 4,659 6,561 1,389 9,496.5 12,151 14,123 16,342 
Cx. erraticus 6,563 521 417 1,275  182 1,357 787 1086 939 
Cq. perturbans 2,051 265 44 977 22 124 139 156 324 
Ae. vexans  1,041 42 18 3 0 12  4 6 0 
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The third species, Cx. erraticus, discovered in 1906 by Dyar and Knab, is known to inhabit permanent and 
semi-permanent bodies of water that are highly overgrown with surface vegetation (grassy streams, lakes and 
shallow marshes, etc.) and is known to transmit WNV, EEEV, SLE. 7,21,24 Adult mosquitoes often emerge in 
multiple generations in the summer and then slowly decrease as summer progresses.7 During this time, females tend 
to become bothersome in forest environments in the hours following dusk; this pattern, and the ability to transmit 
disease, makes Cx. erraticus a public health concern.7  
The last species, Ae. vexans, discovered in 1830 by Meigen, is a common floodwater mosquito that 
deposits their eggs in low-lying areas and is known to transmit WNV, SLE, and EEEV.7,21,25 One factor contributing 
to its public health significance is the exceptionally resistant characteristic of the eggs that are known to survive for 
over a year, with freezing having no effect on fitness.7 Multiple factors can affect the hatching of eggs, such as the 
time intervals between flooding and can untimely affect the number of adults present.7  
Mosquito Control in Polk County 
 
 Polk County Mosquito Control personnel employ two types of mosquito monitoring systems: sentinel 
chickens for arboviruses in the area and CDC light traps for species monitoring. The first monitoring system, 
sentinel chickens, is used to monitor the presence of multiple arbovirures in the mosquito population. Blood is 
collected from roughly 48 chickens at four sites throughout the county, and sent to the Florida Bureau of Public 
Health Laboratories to be analyzed using an hemagglutinin (HI) test. Spraying is then conducted based on sites with 
positive birds. Polk County Mosquito Control also employs the use of dry-ice bated CDC light traps to monitor the 
mosquito species present throughout the county. The traps are collected on a weekly basis and then taken back to the 
lab where the species are identified. The problem that arises with these two monitoring systems is that the placement 
of traps and chickens are random and not necessarily in correlation to large mosquito populations. During times of 
disease outbreak, which can be indicated by increases in clinical cases, animal cases, and positive sentinel chickens, 
targeted spraying needs to be applied directly to the habitats where mosquito vectors are most prevalent.26,27-28 
However, trap sites are chosen at random, so it is not known exactly where to spray for the most effective results.  
Land use Land cover and GIS 
 
Geographic Information Systems (GIS) can aid in the examination of environmental features (urban, rural, 
suburb, residential, preservation, etc.) using a technique called Land use Land cover (LULC).29 This technique 
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employs the use of raw raster data to classify land features into predetermined categories, based on the researchers 
parameters and identification of land features (lakes, city, industrial areas, hammocks, wetlands, etc.) on the pixel 
level using the polygon tool within ArcMap®.29 Through the creation of multiple polygons of individual LULC 
features and a series of algorithms such as those used in kriging, the software is then able to predict similar 
environmental features in a given area, with accuracy increasing with higher resolution data and increased polygon 
classification coverage.30 A similar study was conducted by Jacob31 an epidemiological study site near Tuskegee, 
Alabama was examined for vector-host activities of EEE virus. Land cover maps of the study site were created in 
ArcGIS 9.2® from QuickBird data encompassing visible and near-infrared (NIR) band information. Georeferenced 
mosquito and bird sampling sites, and their associated land cover attributes from the study site, were overlaid onto 
the satellite data. Univariate statistics and regression models used the field and remote-sampled mosquito and bird 
data. Regression models indicated that Cx erracticus and Northern Cardinals were the most abundant mosquito and 
bird species, respectively. Spatial prediction and kriging models were then generated in the Geostatistical Analyst 
Extension of ArcGIS 9.2®.The model examined the spatial and temporal distribution of vector populations at the 
study sites.31  
Study Aims 
 
This goal of this study to evaluate the effect of LULC unique features and precipitation on the spatial and 
temporal distribution of Ae. vexans, Cx. erraticus, Cx. nigripalpus, and Cq. perturbans in Polk Country, Florida. It is 
hypothesized that geospatial analysis of LULC and precipitation could help establish the environmental factors that 
influence the density and distribution of Ae. vexans, Cx. erraticus, Cx. nigripalpus, and Cq. perturbans in Polk 
County, Florida. This can lead to improved precision of the mosquito treatment operation, which in turn can provide 
more targeted treatment and lower the potential for the spread of disease.  
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CHAPTER TWO: 
MATERIALS AND METHODS 
Study Site 
 
 Located in central Florida with no coastal exposure, Polk County has undergone a surge in development in 
recent years with large metropolitan areas being built in once rural areas.32-34 This change from a rural to a peri-
urban environment provides an opportunity to study changes among mosquito populations during urbanization, 
based on land use land cover (LULC) features and precipitation levels.  The presence of arboviruses and high 
numbers of disease vectors, combined with a transit community, can aid in the transfer of disease outside of the 
county during disease outbreaks.  
Trap Locations and Land use Land cover (LULC) Variables 
 
As part of an ongoing mosquito monitoring system, Polk County Mosquito Control has randomly placed 
dry-ice bated CDC light traps throughout the county in 61 locations. They set the traps and collect the bags weekly 
(except for holidays in which they set traps at only half of the sites). These bags are then taken back to headquarters 
where technicians identify individual species for each location. Of the 61 initial locations, the goal was to select the 
most diverse habitats that included areas of urbanization, residential areas, rural areas, flight barriers (i.e., large 
lakes), and phosphate mines. Using GPS coordinates, recorded by Polk County Mosquito Control, eight trap 
locations were selected using both Google Earth® and in-person surveillance to identify the most diverse habitats 
noted above, with additional habitats composed of forest areas ranging from low to high, marshes, and hammock 
within 800m buffer regions, which is the average flight range of mosquitoes. An overview of the trap locations can 
be seen in Figure 1, and an overview of the descriptive characteristics of the 800m buffer regions can be seen in 
Table 2.   
LULC maps were obtained from Sarah Hill at the Polk County Government Office for January, May, and 
September of 2013 and February, June, and October of 2014, taking into account temporal changes in LULC to 
provide more accurate results. Five categories were relevant to the eight locations selected: areas of high population 
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and development with low levels of vegetation were classified as City; areas of low development and moderate 
vegetation such as farmland were classified as Rural; areas with low levels of vegetation and moderate 
developments or populations were classified as Suburb; areas with limited development and high vegetation such as  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Geospatial location of eight CDC light traps and weather stations in Polk County, Florida 
 
grasslands, meadows, marshes, were classified to as Preservation; large bodies of water were classified as Lakes; 
and areas with land modification, such as trenching or artificial lakes, and current or past mining activities were 
classified as Phosphate Mining. These categories were then converted into vector format using the conversion tool 
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inside ArcMap 10.3®. Once in vector format, the interior area of each 800m buffer region was converted into 
hectares using the formula below:     
    ()(10	)	 
The total sq. area of LULC features within each 800m buffer region was determined using the identification tool in 
Arcmap 10.3®. LULC measurements were consistent across the two years, except for a change in study site 49 in 
2014, with a decrease in suburb and rural areas, which resulted in an increase in lakes made for phosphate mining. 
The measurement of LULC features for this site was adjusted in the second year to represent this change; the others 
stayed the same. The sq. hectares of each LULC feature for each trap site is shown in Table 3. 
 
Table 2. Feature of trap locations based on survey conducted in person and geospatially 
Traps Features 
Trap 3 Located at 532 Palencia Pl in a crowded residential area within the city of Lakeland, adjacent to 
overgrown depreciated properties.  
Trap 4 Located at 202 Lakeshore Dr in Polk City adjacent to a roadside catch basin in a small 
residential area neighboring an open pasture and surrounded by a citrus farm, a lake, and an old 
air force base. 
Trap 18 Located at 4903 Green Pond road in the northern Polk County among very few houses 
encircled by roadside drainage ditches, grassy meadows, marshes, and tall vegetation, such as 
pine and oak trees. 
Trap 22 Located at 1775 Hutchins Rd alongside a railroad crossing in a low lining grassy meadow 
bordered by a small patch of forest and a deep ditch on each side of the road 
Trap 31 Adjacent to the sports complex of Fort Meade Middle-Senior High School at 700 Edgewood 
Dr; composed of football and baseball fields with roadside ditches present in the highly 
populated neighborhood leading up to the trap; the presence of phosphate mining can be seen in 
the northern section of the buffer region in the form of a highly vegetated lake 
Trap 32 Adjacent at 1215 S Orange Ave next to a neighborhood park that is composed of a small forest, 
grassland, playground, and a small swamp in the city of Bartow; houses in this area are tightly 
packed with small yards 
Trap 47 Located at Grand Canal Dr in a gated community within the city of Kissimmee that is built 
around multiple man-made, vegetated lakes, boarded by large grass yards, and a dense forest 
with a low-lying river to the east 
Trap 49 Located at Jennings Fish Camp Rd in a private fishing resort neighboring a large vegetated lake 
with multiple housing structures.; the southwest section of the region contains housing for the 
resort with low-lying grassland, and the northern section contains dense forest 
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          Table 3. LULC features in sq. hectares by trap sites, Polk County, 2013-2014 
 
   
Weather Stations and Precipitation Levels 
 
 The precipitation data came from the National Oceanic and Atmospheric Administration (NOAA) for all 
weather stations (a total of 130) within Polk County and surrounding counties with data collected on a daily basis 
from 2013-2014. Simultaneously, records from NOAA were used to investigate the present of El Nino or La Nina 
during the study period that could skew mosquito numbers. Once it was determined that La Nina or El Nino was 
absent during the study period, the weather stations closest to each light trap were then selected based on local 
weather patterns such as sea breezes (see Figure 1).35 Of the 130 initial weather stations, seven were chosen to 
aggregate daily precipitation data into monthly totals. Figure 2 shows the precipitation totals of the seven traps over 
the two-year study period. Each year resembles a bell-shaped curve, excluding two decreases in precipitation totals 
that occurred in month 16 (April 2014) and month 22 (October 2014). During this time the largest totals occurred in 
months 17-21 (May through September 2014). There was an overall increase in precipitation totals in 2014. 
Mosquito Counts 
For the study, four species of mosquitoes with public health significance were selected from a dataset 
composed of 31 species collected in the 61 traps. The four species from the dataset are Cx. nigripalpus, Cx. 
erraticus, Cq. perturbans, and Ae. vexans. Using weekly data for two years (2013-2014), the data was then 
combined into monthly data, excluding holiday collections (only half of the sites had bags for collection, so all were 
Traps 3, 4, 18, 22, 31, 32, 47 in both 2013 and 2014 
Light Trap 
ID  
Rural Lakes Preservation  Suburb City  Phosphate 
mining 
3 0 0 0 0 201.022 0 
4 0 26.731 0 49.186 125.102 0 
18 0 0 201.022 0 0 0 
22 0 0 0 0 0 201.022 
31 0 4.963 45.912 0 129.049 21.095 
32 0 0 0 0 201.022 0 
47 0 0 0 201.022 0 0 
Trap 49 in 2013 
49 82.711 8.271 0 35.597 0 0 
Trap 49 in 2014 
49 21.095 83.144 0 30.521 0 0 
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excluded). The measure of mosquito counts was the monthly total of individual species by location. Figures 3-6 
show that the largest collection of individual mosquitoes in 2013 occurred primarily in June through August for Cx. 
nigripalpus and Cx. erraticus. During this time Cx. nigripalpus was collected mainly from traps 47, 32, and 49, 
compared to Cx. erraticus, which was collected from traps 47, 18, and 31. Cq. perturbans was collected mainly in 
March, April, and September at light trap 18. Ae. vexans was virtually absent with less than 50 individuals being 
collected in October at trap 3. In 2014, Cx. nigripalpus displayed similar patterns with collections occurring mainly 
in June through July at traps 18 and 49. A shift occurred among Cx. erraticus in 2014, with trap 18 collecting the 
most individuals in August and September. In 2014, Cq. perturbans was collected April through June at traps 49, 18, 
and 47. A large increase in the collection number of Ae. vexans occurred in 2014 with individuals collected May 
through June at traps 3, 22, and 31. An increase in all species, excluding Cx. nigripalpus, occurred from 2013 to 
2014.   
 
 
Figure 2. Precipitation levels per month by trap sites, Polk County, 2013-2014 
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Statistical Analysis 
 
A negative binomial regression on monthly mosquito counts by trap location, as affected by sq. hectares of 
each type of LULC feature in 800m buffer regions, and by precipitation levels for each associated weather station by 
month was performed using a confidence interval of 95 percent within the GENMOD function of SAS 9.4® to 
determine statistical significance. This technique was used by Jacob to measure relationships between geospatial 
features and vectors. 36,35,37 This use of a repeated measures step-wise negative binomial regression with a non-
homogeneous gamma distribution mean (NEG-BIN) to compensate for over-distribution due to outliers in 
entomological regression has been reported to measure the relationship between geospatial features and vectors.36-37 
 
 
 
Figure 3. Cx. nigripalpus individuals by month and trap site, Polk County, 2013-2014 
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Figure 4. Cx. erraticus individuals by month and trap Sites, Polk Country, 2013-2014 
 
 
 
 
 
 
Figure 5. Cq. perturbans individuals by month and trap site, Polk County, 2013-2014 
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Figure 6. Ae. vexans individuals by month and trap site, Polk County, 2013-2014 
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CHAPTER THREE: 
RESULTS 
Regression Analyses 
  
Cx. nigripalpus. Table 4 shows the result of a negative binomial regression, for 2013 and 2014, of Cx. 
nigripalpus count data by precipitation and LULC features, comparing their effects on counts. In the 2013 study 
period, Cx. nigripalpus counts were positively associated with all LULC features and precipitation. Rural habitats 
were 48.1%, preservation habitats and suburb habitats were 24%, city habitats were 23.6%, lakes were 23.2%, and 
phosphate mining habitats were 22.6% more likely to support Cx. nigripalpus populations than the average habitat. 
Precipitation was 25.2% more likely to support Cx. nigripalpus populations. In the 2014 study period, Cx. 
nigripalpus counts became negatively associated with rural, lakes, preservation, suburb, and city. During this time, 
rural habitats were 5.4%, lakes were 2.9%, city habitats were 2.8%, suburb habitats were 2%, and preservation 
habitats were 1.8% less likely to support Cx. nigripalpus populations than the average habitat. Cx. nigripalpus 
counts were positively associated with phosphate mining and were 1.8% more likely to support Cx. nigripalpus 
populations than the average habitats.  
Cx. erraticus. Table 5 shows the results of a negative binomial regression, for 2013 and 2014, on Cx. 
erraticus count data by precipitation and LULC, comparing their effects on counts. In the 2013 collection period, 
Cx. erraticus counts were positively associated with precipitation (p<0.0001). Precipitation was 17.7% more likely 
to support Cx. erraticus populations. In the 2014 collection period, Cx. erraticus counts were positively associated 
with phosphate mining habitats and were 2.4% more likely to support the Cx. erraticus population than the average 
habitat. Cx. erraticus were negatively associated with rural, suburb, and city. Rural habitats were 2.8%, city habitats 
were 1.2%, and suburb habitats were 0.6% less likely to support Cx. erraticus then the average habitat. Precipitation 
was positively associated with Cx. erraticus counts and were 14.8% more likely to support populations.  
Cq. perturbans. Table 6 shows the results of a negative binomial regression, for 2013 and 2014, on Cq. 
perturbans count data by precipitation and LULC features, comparing their effects on counts. In the 2013 collection 
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period, Cq. perturbans counts were positively associated with rural, preservation, suburb, city, and phosphate 
mining. Rural habitats were 24.4%, preservation habitats were 13.1%, suburb habitats were 12.2%, city habitats 
were 12.1%, and phosphate mining habitats were 11% more likely to support Cq. perturbans population than the 
average habitat. In the 2014 collection period, Cq. perturbans counts were positively associated with precipitation 
and were 8.5% more likely to support Cq. perturbans populations. All other LULC features were negatively 
associated with Cq. perturbans counts. Lakes were 10%, phosphate mining habitats were 7.9%, city habitats were 
5.9%, preservation habitats and suburb habitats were 5.4%, and rural habitats were 5.2% less likely to support the 
Cq. perturbans population when compared to the average habitat.   
Ae. vexans. A negative binomial regression on Ae. vexans count data by precipitation and LULC features  
could not be performed on Ae. vexans counts in 2013 due to low collection totals, but Table 7 shows a positive 
statistical association with precipitation in the 2014 collection period. Precipitation was 83.5% more likely to 
support Ae. vexans populations. Ae. vexans counts were negatively associated with lakes, rural, and phosphate 
mining. Lakes were 7.2%, rural habitats were 5.5%, and phosphate mining habitats were 2.6% less likely to support 
Ae. vexans population than the average habitat.  
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Table 4. Negative binomial regression of Cx. nigripalpus counts by precipitation and LULC, monthly, 2013-2014 
 
*Percent change in mean mosquito count per one unit of predictor variable  
 
 
 
 
 
 
2013 
LULC Classification Percent Change in 
Expected Counts* 
Mean 
Confidence Limits 
Chi-Square Pr > ChiSq 
Precipitation 25.2% 1.1447 1.3698 24.11 <.0001 
Rural 48.1% 1.3787 1.5905 115.89 <.0001 
Lakes 23.2% 1.1749 1.2910 75.08 <.0001 
Preservation 24% 1.1929 1.2891 118.15 <.0001 
Suburb 24.1% 1.1932 1.2906 116.25 <.0001 
City 23.6% 1.1904 1.2833 122.18 <.0001 
Phosphate Mining 22.5% 1.1782 1.2744 102.90 <.0001 
2014 
LULC Classification Percent Change in 
Expected Counts* 
Mean 
Confidence Limits 
Chi-Square Pr > ChiSq 
Precipitation 6.6% 0.9758 1.1651 2.01 0.1562 
Rural -5.4% 0.9436 0.9495 1166.00 <.0001 
Lakes -2.9% 0.9656 0.9763 111.21 <.0001 
Preservation -1.8% 0.9793 0.9847 170.11 <.0001 
Suburb -2% 0.9770 0.9824 218.17 <.0001 
City -2.8% 0.9702 0.9744 636.80 <.0001 
Phosphate Mining 1.8% 1.0116 1.0247 29.71 <.0001 
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Table 5. Negative binomial regression of Cx. erraticus counts by precipitation and LULC, monthly 2013-2014 
 
2013 
LULC Classification Percent Change in 
Expected Counts* 
Mean 
Confidence Limits 
Chi-Square Pr > ChiSq 
Precipitation 17.7% 1.1159 1.2419 35.74 <.0001 
Rural -1.4% 0.9422 1.0327 0.34 0.5585 
Lakes -1.9% 0.9556 1.0062 2.22 0.1363 
Preservation -0.6% 0.9702 1.0194 0.19 0.6630 
Suburb -0.9% 0.9667 1.0157 0.53 0.4677 
City -0.96% 0.9661 1.0154 0.57 0.4485 
Phosphate mining -1.7% 0.9592 1.0084 1.70 0.1923 
2014 
LULC Classification Percent Change in 
Expected Counts* 
Mean 
Confidence Limits 
Chi-Square Pr > ChiSq 
Precipitation 14.8% 1.0794 1.2204 19.38 <.0001 
Rural -2.8% 0.9699 0.9747 511.79 <.0001 
Lakes -0.2% 0.9948 1.0016 1.10 0.2933 
Preservation 0.1% 0.9988 1.0027 0.51 0.4732 
Suburb -0.6% 0.9921 0.9959 37.81 <.0001 
City -1.2% 0.9864 0.9898 192.35 <.0001 
Phosphate mining 2.4% 1.0221 1.0261 570.56 <.0001 
*Percent change in mean mosquito count per one unit of predictor variable  
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Table 6. Negative binominal regression of Cq. perturbans counts by precipitation and LULC, monthly, 2013-2014 
2013 
LULC Classification Percent Change in 
Expected Counts* 
Mean 
Confidence Limits 
Chi-Square Pr > ChiSq 
Precipitation 10.5% 0.9865 1.2367 2.97 0.0848 
Rural 24.4% 1.1236 1.3777 17.63 <.0001 
Lakes 7.5% 1.0187 1.1345 6.95 0.0084 
Preservation 13.1% 1.0706 1.1946 19.34 <.0001 
Suburb 12.2% 1.0615 1.1861 16.54 <.0001 
City 12.1% 1.0604 1.1842 16.35 <.0001 
Phosphate mining 11% 1.0500 1.1739 13.51 0.0002 
2014 
LULC Classification Percent Change in 
Expected Counts* 
Mean 
Confidence Limits 
Chi-Square Pr > ChiSq 
Precipitation 8.5% 1.0263 1.1462 8.29 0.0040 
Rural -5.2% 0.9459 0.9503 2082.70 <.0001 
Lakes -10.0% 0.8673 0.9335 31.64 <.0001 
Preservation -5.4% 0.9294 0.9636 35.77 <.0001 
Suburb -.5.4% 0.9296 0.9638 35.46 <.0001 
City -5.9% 0.9283 0.9548 70.42 <.0001 
Phosphate mining -7.9% 0.8863 0.9568 17.81 <.0001 
*Percent change in mean mosquito count per one unit of predictor variable  
 
 
Table 7. Negative binominal regression of Ae. vexans by precipitation and LULC, monthly, 2014 
 
LULC Classification Percent Change in 
Expected Counts* 
Mean 
Confidence Limits 
Chi-Square Pr > ChiSq 
Precipitation 83.5% 1.5406 2.1858 46.29 <.0001 
Rural -5.5% 0.9412 0.9489 731.89 <.0001 
Lakes -7.2% 0.8713 0.9883 5.41 0.0200 
Preservation -3.8% 0.9337 0.9922 6.06 0.0138 
Suburb -6.1% 0.9122 0.9677 17.17 <.0001 
City -3.6% 0.9417 0.9872 9.15 0.0025 
Phosphate mining -2.6% 0.9104 1.0431 0.55 0.4568 
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CHAPTER FOUR: 
DISCUSSION 
 
The use of geospatial and statistical analysis provides insight on the effect that precipitation and LULC 
features have on Cx. nigripalpus, Cx. erraticus, Cq. perturbans, and Ae. vexans counts in Polk County, Florida, on a 
year to year basis. Using a stepwise negative binomial regression to compare the results within each year, it was 
determined that in 2013 all variables had a positive association on Cx. nigripalpus counts, with rural features 
followed by precipitation having the greatest effect. During this time, precipitation was positively associated with 
counts (p<0.0001) and rural habitats were 48.1% more likely to support Cx. nigripalpus populations than the 
average habitat. This widespread abundance of Cx. nigripalpus, which is known to inhabit permanent bodies of 
water and containers, is consistent with the positive association with precipitation and rural environments that is 
noted in the literature.8-9,38 In 2014, phosphate mining habitats remained positively associated and were 1.8% more 
likely to support Cx. nigripalpus populations than the average habitat. All other variables, excluding precipitation 
that lacked an association, exhibited a negative association in relation to count numbers. This positive association 
seen among Cx. nigripalpus and phosphate mining in Florida has been noted in the literature.7,39 During this time, 
rural habitats and lakes had the greatest negative effect on counts and were 5.4% and 2.9% less likely to support Cx. 
nigripalpus populations than the average habitat. This association could result from the displacement of eggs due to 
increased precipitation.38 
During the two-year study period, precipitation had a positive association with Cx. erraticus counts 
(p<0.0001). This positive association is consistent with the available literature on Cx. erraticus, which identifies 
immature habitats as permanent and semi-permanent bodies of water that often depend on precipitation to maintain 
water levels.7 This suggests that as rainfall increases, the presence of standing water also increases, therefore 
providing habitats for larva and increasing mosquito counts. No other variable was determined to affect Cx. 
erraticus counts in 2013. In 2014, phosphate mining habitats was the only other feature to have a positive 
association on counts, and was 2.4% more likely to support Cx. erraticus than the average habitat. These mining 
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sites maintain nutrient-rich water for a prolonged period of time, which promotes the growth of vegetation and 
provides suitable immature habitats as noted in the literature.7,15,39 During this time, rural, city and lakes were 
determined to have a negative effect on counts, with rural habitats having the greatest effect on mosquito counts and 
being 2.8% less likely to support Cx. erraticus populations than the average habitat. The shift observed in 
association from 2013 to 2014 is most likely due to increased precipitation and only emphasizes the role 
precipitation contributes to mosquito counts.38   
 In 2013, it was determined that all LULC features, excluding precipitation, had a positive association with 
Cq. perturbans counts. This phenomenon could most likely be contributed to the presence of suitable habitats, such 
as permanent bodies of water, which are not dependent on precipitation to maintain water levels. Large migrations 
of individuals from features outside the buffer regions could also be contributing to the positive association and 
should be taken into account in future studies. Rural and preservation habitats had the greatest effect on mosquito 
counts during this time, and were determined to be 24.4% and 13.1% more likely to support Cq. perturbans 
populations than the average habitat.  This was followed by suburb habitats at 12.2%, city habitats at 12.1%, 
phosphate mining habitats at 11%, and lakes at 7.5%. This positive association seen between phosphate mining 
habitats in relation to Cq. perturbans has been noted in the literature.40 In 2014, precipitation was the only variable 
to have a positive association on counts (p<0.05). All other features were found to have a negative association on 
counts, with lakes and phosphate mining habitats having the greatest negative association of 10% and 7.9% and 
being less likely to support Cq. perturbans population then the average habitat. This was followed by city at 5.9%, 
preservation at 5.4%, suburb at 5.4%, and rural habitats at 5.2%. Although this shift to a negative association is most 
likely due to the increase in precipitation in comparison to the previous year, leading to the displacement of larvae 
into unsuitable habitats, future studies are needed to support this conclusion.    
Due to low count numbers in 2013, a negative binomial regression could not be performed on Ae. vexans in 
relation to precipitation and LULC features. In 2014, precipitation was the only variable to have a positive 
association on counts (p<0.0001) and all other variables, excluding phosphate mining habitats, had a negative 
association on counts. Given the literature on Ae. vexans being a flood water mosquito, the positive association with 
precipitation was expected.25 Of the LULC features with a negative association, lakes and suburb habitats had the 
greatest effect and were 7.2% and 5.5% less likely to support Ae. vexans populations than the average habitat. This 
negative association could be contributed to a lack of suitable habitats, such as meadows or grassy plains.25  
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An increase in precipitation from 2013 to 2014 could explain the shift in association seen among variables 
in all mosquito species during the two-year study period, and is perhaps the most important factor affecting LULC 
features and mosquito counts. An increase in precipitation has been noted in the literature to cause displacement of 
egg rafts found among the Culex species and larva of Cq. perturbans into uninhabitable locations.38  
Although this study identified a connection between precipitation and LULC features and mosquito counts, 
limitations in the study design need to be addressed. The lack of high-resolution satellite data limited the 
determination of more descriptive and accurate LULC feature classifications that could lead to an improved 
understanding of how the features relate to mosquito species counts. Future studies should focus on individual trap 
locations, allowing for LULC features to be identified in detail, reflecting the composition of the trap site with 
LULC features such as wetland, citrus groves, meadows, farms, etc. Additionally, a variance inflation factor test 
should be performed in futures studies to investigate multicollinearity in order to evaluate the effect that variance 
has on regression estimates. This would also lead to more reliable and stable estimates of regression coefficients.  
 The technique of using high-resolution satellite data to establish LULC covariates and negative binomial 
regression estimates to accurately target prolific vector habitats has been successfully conducted by Jacobs41 and 
was confirmed by the results of this study. Greater knowledge of mosquito distribution in relation to LULC features 
under different meteorological conditions can lead to improved placement of sentinel chickens and CDC dry-ice 
bated light traps to increase the efficacy of mosquito monitoring systems. This in turn can increase our ability to 
predict the whereabouts of local mosquito populations in times of disease outbreak, allowing for more precise 
treatment, saving time and resources on our ever-stressed public health system.  
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